The development of planation surfaces requires stable tectonic and climatic conditions. However, it is difficult to discuss in detail how tectonic movement and/or climate change affects erosion, deposition, and uplift associated with the development, formation, and disintegration of planation surface. This article presents a case study on the development and formation of the Tangxian planation surface (TXPS) by establishing the magnetostratigraphy of one piedmont deposition section related to planation, and combining the depositional sequence overlying TXPS and basin sediments. Further, we discuss the role of tectonics and climate change in the geomorphic evolution of the TXPS during the late Cenozoic and revise the final formation age to be ca. 3.1 Ma by the relative deposition process. The vertical rates of the main fault constrained by different geomorphic surfaces and stable deposition in the basin show stable and moderate tectonic activity in the study area since the Pliocene, and a series of sedimentary records reveal that the climate in North China was stably warmhumid from the late Miocene to early Pliocene. Stable tectonic activity and stable climate were important bases for pediment development; however, abrupt climatic changes during the late Pliocene might be the main driving force of the final formation of the TXPS in North China.
INTRODUCTION
In geomorphology, extensive topographical surfaces that cut across bedrock structures with low relief and low slope gradients are known as planation surfaces (Goudie, 2004) . This includes peneplains, pediments, pediplains, and etchplains (Adams, 1975; Cui et al., 1999) . Such surfaces crosscut all the older strata as intersecting surfaces (Coltorti and Pieruccini, 2000; Wu, 2008) . Three main constraints on the development, formation, and persistence of planation surfaces include (i) the length of quiescence between two crustal tectonic uplift periods; (ii) sea level fluctuations; and (iii) the intensity of post-quiescent rising and degree of cutting (Tator, 1952; Wu, 2008; Phillips, 2002) . How do tectonics and/or climate change play roles in the development, formation, uplift, and disintegration of planation surface? It is difficult to address this question because the direct relationship between erosion and staged tectonic uplift or climate change is not easily established (Reynaud et al., 1999; Casas-Sainz and Cortés-Gracia, 2002) .
The interplay of tectonics, climate, deposition, and erosion results in a complex evolution of paleolandscapes and planation surfaces (Phillips, 2002 (Phillips, , 2006 Rossetti, 2004) . Tectogenesis controlled the planation surface to be uplifted several hundred meters or even several kilometers above sea level. However, no direct evidence reveals this process. Tectonic instability theory and sea level perturbations are explanations for the paucity of peneplains (Phillips, 2002) . On the contrary, the intermittent tectonic activity or climate fluctuation can interpret the existence of the multiple pediment levels (Tator, 1952) . Numerical process-response modeling indicates that lithologically and structurally variable basement regions are not likely to favor the development of planation surfaces (Römer, 2010) , and a planation surface would be better preserved on harder rocks and in the higher parts of the local relief (Coltorti and Pieruccini, 2000) . A planation surface with a multiphase history is unlikely to have chronostratigraphic significance (Evenstar et al., 2009) . Based on these, the obstacles must be cleared for studying the development and formation of planation surfaces.
Here, we provide an example of planation surface study from the Zhongtiao Shan (ZTS; Shan means mountains in Chinese)-Yuncheng Basin, part of the southern Shanxi Graben System in North China (Fig. 1) . One Tangxian planation surface (TXPS) is distributed in the northwestern ZTS. The relatively uniform lithology and structure are considered not to interfere with the planation process. The stability of the tectonic stress field (Li et al., 1998; Xie, 2004) and multilevel planation surfaces ( Fig. 2 ; Wu, 2008) in the Cenozoic indicate that the TXPS does not have multi-period history. The Yuncheng Basin borehole reveals a complete deposition record since the Pliocene . From the base of sediments overlying the planation surface, the final formation age of the TXPS was constrained to 3.12-3.03 Ma ( Fig. 3 ; Xiong et al., 2017) . Here we present the magnetostratigraphy of the Wangyukou (WYK) section of the Xiaxian Conglomerate, a piedmont sedimentary sequence related to TXPS development. The final formation age of the TXPS will be revised by these sedimentary records. The vertical rates of the north ZTS fault, the boundary The North China Craton, located between the E-W-trending Yin Shan-Yan Shan Orogen in the north and the Qinling Orogen in the south, has experienced an ancient crystalline basement development of Archean to Paleoproterozoic age and a widespread Paleozoic and Mesozoic marine cover sedimentary stage (Zhai et al., 2011; Wang et al., 2014) . In contrast, it experienced intense rifting events caused by crustal extension in the Cenozoic (Fig. 1B ; Li et al., 1998; Lin et al., 2015) . Since the Eocene, renewed tectonic activities have led to the formation of the Hetao Graben System, Yinchuan Graben System, Weihe Graben System, and subsidence of the North China Plain, now covered with exceedingly thick Cenozoic sediments (Li et al., 1998; Zhao et al., 2017) . The Shanxi Graben System was formed from the Miocene to the early Pliocene, accompanied by the appearance of the Ordos Block (Li et al., 1998; Xie, 2004) . The Ordos Block, located in the northeastern margin of the Tibetan Plateau, is influenced by the later northeast-directed extension ( Fig. 1A ; Zhang et al., 1991; Wang et al., 2014) . The Ordos Block has been uplifted slowly and intermittently since the Eocene, with multiphase planation surfaces formed and preserved within it (Xu et al., 1993; Pan et al., 2012) . The Lüliang Shan and Taihang Shan also experienced different uplift stages (Chen et al., 2012; Cao et al., 2015) , and the multilevel planation surfaces are distributed over them (Wu, 2008) .
Trilevel planation surfaces are distributed over the mountain areas in North China (Fig. 2; Wu, 2008) . Beitai planation surfaces, the top surface of the high-altitude mountains, are distributed in the Wutai, Xiaowutai, and Lüliang Shans with an elevation of 2500-3050 m. Dianziliang planation surfaces are located in the top surfaces of the medium-altitude mountains with an elevation of 1500-2000 m. The TXPSs are divided into two types: pediment surfaces and hill surfaces. Pediment surfaces are distributed over piedmont areas with an elevation of 400-1400 m, and hill surfaces are distributed over mountain-front areas of the Taihang Shan and Yan Shan with an elevation of 50-600 m.
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The Beitai surface and Dianziliang surface were formed in the late Cretaceous and the late Oligocene, respectively, constrained by ages of the latest rocks crosscut by these surfaces and the oldest overlying rocks (Willis et al., 1907; Wu, 2008) . The summary of the TXPS studies in North China proposed the final formation ages of 3.6-2.6 Ma (Wu, 2008) . More accurate data were given by recent magnetostratigraphy. The TXPS in the Nihewan area in the north Shanxi Graben System was formed at 3.1 Ma (Deng et al., 2008) . The TXPSs in the Wubao and Xing areas in the Ordos Block were formed at 3.2 Ma 3.7 Ma (Pan et al., 2012) , respectively. The ZTS-Yuncheng Basin is located in the southernmost part of the Shanxi Graben System ( Fig. 1B) . The stratigraphic distributions include a metamorphic rock series of Paleoarchean and Proterozoic strata, Paleozoic marine sediments, and fluviolacustrine facies sediments and aeolian sediments in the Cenozoic (Fig. 3A; von Richthofen, 1882; Willis et al., 1907) . In WYK Village, the northwestern ZTS has two geomorphic surfaces-the Xiaxian Platform and the Low Platform, with heights of 650-1000 m and ~500 m, respectively. The Xiaxian Platform consists of conglomerates and aeolian deposits of late Cenozoic age and the underlying TXPS and Xiaxian Conglomerate. The TXPS, actually the pediment surface, crosscut the Paleoarchean and Paleozoic strata (Figs. 3A and 3B) . According to a study of its lithology, dominant direction of flat horizontal surfaces, roundness, and sorting features, the Xiaxian Conglomerate was considered to be piedmont deposits sourcing from the ZTS and might be related to the development and formation process of TXPS ( Fig. 3 ; Wang et al., 1996) . The WYK section is the best exposure of the Xiaxian Conglomerate. The contact relation between the Xiaxian Conglomerate and the pre-Cenozoic indicates the existence of fault F 1 ; in the northeast it converges with the main north ZTS fault. No displacement in the Xiaxian Conglomerate and overlying loess has been found, and the Xiaxian Conglomerate surface and the TXPS have the similar heights. The phenomena indicate that before the Xiaxian Conglomerate deposited or in the same period, the activities of fault F 1 led to uplift of the pre-Cenozoic rocks and made the WYK area a piedmont to receive sediments, and it has been inactive since the conglomerate deposition was ended. Faults F 2 and F 3 are the boundaries of the Xiaxian Platform, Low Platform, and Yuncheng Basin. All three faults are branches of the north ZTS fault ( Fig. 3 ). There are three more faults in the basin-the E'meiling fault, the Mingtiaogang fault, and the Yanhu fault ( Fig. 3A ; Li et al., 1998; . The north ZTS fault separates the ZTS and the Yuncheng Basin (Lv et al., 2014; Xiong et al., 2016a Xiong et al., , 2017 and makes the Salt Lake area a depocenter with Cenozoic deposits more than 5 km thick (Xu et al., 1993) .
Climate Setting Since the Late Miocene
North China is located in the Asian monsoon area ( Fig. 1) . A series of sedimentary records reveal that the climate in East Asia was stably warm-humid from the late Miocene to early Pliocene, consistent with global climate. The steady change of the benthic oxygen isotope record in South China Sea (Tian et al., 2008) is very similar to that in global oceans (Zachos et al., 2001) . The summer monsoon index (Sun et al., 2010) L ü li a n g S h a n T a i h a n g S h a n Yan Shan JIANGUO XIONG ET AL. | Climatically driven formation of the Tangxian planation surface in North China RESEARCH aeolian sediments (Song et al., 2007 (Song et al., , 2014 show small fluctuations of the East Asian summer monsoon. The variations of >19 μm grain-size fraction in aeolian sediments indicate a stable East Asian winter monsoon and a relatively stable deposition rate (Guo et al., 2002) . Drastic climate change and a sharp fall in sea level have taken place since 3.6-3.0 Ma. The Pacific deep water was warmer before ca. 3.5 Ma than at present, but significant cooling and more violent fluctuations corresponded to the formation of the Northern Hemisphere ice sheet during 3.2-2.5 Ma (Tian et al., , 2008 . The benthic oxygen isotope record shows that three super interglacials occurred between 3.3 and 2.9 Ma (Lisiecki and Raymo, 2005) , and during the same period, the magnetic susceptibility of the Chinese Loess rose with fluctuations (Song et al., 2007 (Song et al., , 2014 Yang and Ding, 2010) . The strengthened summer and winter monsoons in East Asia oscillate strongly, but the enhancement magnitude of the winter monsoon was greater than that of the summer monsoon Sun et al., 2010) . Moreover, the deposition rate of aeolian deposits in North China began to increase rapidly at 3.5 Ma (Guo et al., 2002) . With the rapid climate deterioration, the global sea level declined sharply and fluctuated with an amplitude of 60-120 m (Miller et al., 2005) . Therefore, the climate in North China changed from a stably warm and humid state to a dry and cold state with oscillations.
MAGNETOSTRATIGRAPHY OF THE WYK SECTION

Sedimentary Sequence and Paleomagnetic Sampling
Based on field investigation, this study confirms that the strata on both sides of the WYK River near WYK Village are the most well exposed, with relatively complete and continuous sections ( Figs. 3 and 4 ). The WYK section (35°2′N, 111°10′E, 561 m above sea level [asl]) consists mainly of the Xiaxian Conglomerate overlain by a loess-paleosol sequence. The loess-paleosol layers are comparatively thin, but the S7-S9 (S-paleosol) layers are complete and continuous. The L9 (L-loess), with one weakly developed paleosol in the lower part, is the second thickest layer in the loess-paleosol sequence in North China (Fig. 4I; Liu, 1985; Liu et al., 1988) . The same phenomenon has been observed in the Xiaxian section (Xiong et al., 2017) . The loess-paleosol layers beneath L9 are much thinner than that above L9, especially the paleosol layers, which are mostly ~0.5 m thick.
In total, 13 paleosol layers were distinguished between L9 and the highest conglomerate layer ( Fig. 4I ). Due to dissection or poor preservation, paleomagnetic sampling of the two paleosol layers beneath S9-1 can't be completed near the ground, although they are clear in the upper part of the section. Therefore, the loess-paleosol sequence below S9-1 are not numbered.
The Xiaxian Conglomerate consists of thick conglomerate layers interbedded with thin sandstone and claystone layers, more than 110 m thick, deposited above the Paleozoic limestone in the east (Fig. 4) . The gravels are sub-rounded or sub-angular, and medium-sorted, mixed with red clay blocks. The thickest sandstone layer and conglomerate layer with a large amount of calcium nodules are in the upper part. Taking them as the marker layers, this article links the lower part ( Fig. 4A ) near the bedrock with the higher part ( Fig. 4B ) of the Xiaxian Conglomerate near the platform margin. Thin conglomerate, sandstone, and claystone layers are interbedded, and the phenomena that gullies incise claystone layers are obvious above the conglomerate marker layer (Fig. 4G) .
The WYK section is divided into 51 stratigraphic horizons with thicknesses of 0.17-19.60 m, each of which has at least one sampling horizon, except for the lowest two conglomerate layers. Paleomagnetic samples were collected at intervals of 0.25 m. Sampling horizons total 220, and every sampling horizon contains three independent samples.
Rock Magnetic Investigation
Magnetic minerals can be distinguished by hysteresis loops and isothermal remanent magnetization acquisition curves (Deng et al., 2004; Xiong et al., 2016b) . The frequently used hysteresis loop and magnetic hysteresis parameters are obtained by changing the external magnetic field strength. The saturation magnetization (Ms), saturation isothermal remanent magnetization (Mrs), and coercivity (Bc) are three important parameters of the hysteresis loop. The magnetic field intensity is coercivity of remanence (Bcr) when the remanence is zero after the Mrs-obtained material is placed in a reverse magnetic field. The loess sample shows that the hysteresis loop is close to saturation at ~0.2 T, narrow in the middle, and wider above and below (wasp-waisted style), and Bcr and Bc are close to that of single-domain magnetic minerals (33 and 10 mT, respectively; Figs. 5D and 5H). The behaviors indicate that more low coercivity ferromagnetic minerals and paramagnetic minerals exist (mainly magnetite; Forster and Heller, 1997; Deng et al., 2005) . The loess sample shows the same magnetic characteristics as the loess-paleosol sequence of the Xiaxian section (Xiong et al., 2017) . The hysteresis loops of samples from sandstone and silty clay layers show a thicker wasp-waist feature closer at ~1.5 T (Figs. 5B and 5C) than that from loess, implying ferromagnetic minerals and more high coercivity minerals (e.g., hematite; Deng et al., 2004; Li et al., 2013) . In addition, the sandstone sample also shows that the hysteresis loop is close to saturation at ~0.2 T, but Bcr is higher than the loess sample (Figs. 5A and 5E), which shows that its magnetic minerals content is between the former two types of samples.
The Mrs/Ms and Bcr/Bc ratios of the magnetic minerals can be used to indicate the types of magnetic minerals in the samples (Day et al., 1977) . Figure 6 shows that Mrs/Ms and Bcr/Bc ratios of the Xiaxian section deposits and the loess deposits of the WYK section fall mainly within the scope of pseudo-single domain magnetic minerals, and that of the Xiaxian Conglomerate fall mainly within the scope of pseudosingle and single + superparamagnetic domain magnetic minerals. The latter phenomenon can be caused by mixed particles of the same magnetic mineral or mixed magnetic minerals (e.g., magnetite and hematite). The hysteresis loops, isothermal remnant magnetization acquisition curves, and plotted Day diagram indicate that magnetic minerals of loess are mainly magnetite, while magnetic minerals from the Xiaxian Conglomerate in the WYK section are mainly magnetite and a small amount of hematite, which are significantly different magnetic minerals in coercivity.
Demagnetization
In this study, 220 sampling horizons were subjected to thermal demagnetization. Representative demagnetization diagrams of the WYK section are shown in Figure 7 . One sample from every sampling horizon of the loess-paleosol strata was subjected to progressive thermal demagnetization up to 590 °C, with a 50 °C interval below 450 °C, a 20 °C interval between 450 and 510 °C, and a 10 °C interval between 510 and 590 °C, using a Magnetic Measurement Thermal Demagnetizer (ASC TD-48). Thermal demagnetization of the Xiaxian Conglomerate was completed by a similar process in which one sample from every sampling horizon was subjected to progressive thermal demagnetization up to 690 °C, with a 50 °C interval below 450 °C, a 40 °C interval between 450 and 570 °C, a 20 °C interval between 570 and 630 °C, and a 10 °C interval between 630 and 690 °C. Once specimens showed unstable demagnetization trajectories, a second round of progressive thermal demagnetization would be selected. 
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The sample remanence was measured by using a 2G cryogenic magnetometer (model 760), which was installed in a magnetically shielded room (<300 nT). The method was capable of separating the characteristic remanent magnetization (ChRM). The principal component directions were computed by the leastsquares fitting technique (Kirschvink, 1980) . Data from four to five temperature steps above 450 °C or 600 °C trending toward the origin were used for least-squares fits. Samples with a maximum angular deviation >15° were rejected from further analyses. Based on these rules, a total of 133 samples (60.5%; representing 220 sampling horizons) gave reliable ChRM directions of thermal demagnetizations. The magnetic declination and inclination of the samples were then used to calculate virtual geomagnetic pole (VGP) latitudes.
Magnetic Polarity Stratigraphy
Due to some inherent uncertainties of paleomagnetism (Talling and Burbank, 1993) , every magnetozone is defined by three samples with VGP latitude ≥45° when constructing the magnetic polarity stratigraphy for the WYK section ( Fig. 8A) . Magnetozone R1 has two samples with high VGP latitude and two samples with VGP latitude close to 45°; Magnetozone N5 has a similar status, and so they are kept. Due to dissection or poor preservation, it was difficult to distinguish and number the loess/paleosol layers. However, L9, the thickest layer with one weakly developed paleosol in the section, is enough to constrain the top boundary. Consequently, this study takes S9-1 below L9 as the marker layer, and links the WYK section with the Xiaxian section (Xiong et al., 2017) .
To summarize, five normal magnetozones (N1 to N5) and five reverse magnetozones (R1 to R5) are identified in the WYK section ( 
RESULTS
A Span from Late Pliocene to Early Pleistocene of the WYK Section
Paleomagnetic studies of loess in North China have been carried out for more than 40 years, and the paleomagnetic method itself has gradually advanced. The positions of polarity chrons and polarity subchrons in loess-paleosol sequences are more accurate (Heller and Liu, 1984, 1986) . Although the hysteresis effect of remanent magnetization acquisition, the remagnetization phenomenon, rapid polarity swings (Yang et al., 2004 , and different judgments of the boundary between loess and paleosol may exist, the specific positions of the polarity chrons and subchrons in the geomagnetic polarity timescale (GPTS) are basically certain. L9, S9-1, and S9-2 are all in the subchron C1r.1r (Liu et al., 1988; Wang et al., 2010) ; the top and bottom boundaries of the Jaramillo (C1r.1n) are in the middle of L10 and at the bottom of L12, respectively (Yang et al., 2004; Xiong et al., 2017) ; the Olduvai subchron (C2n) is from the top of S24 to the top of S26 Xiong et al., 2017) ; the Matuyama/ Gauss boundary is in the upper part of the lowest loess layer Xiong et al., 2017) . Beneath L9 are 24 paleosol layers in the loess-paleosol sequence in North China (Yang and Ding, 2010; Xiong et al., 2017) . There are only 13 paleosol layers below L9, so 11 paleosol layers are missing beneath L9 in the WYK section ( Figs. 4I and 8A ). Paleomagnetic samples have not been collected in two paleosol layers because they are dissected by one loess layer below S9-1. The magnetostratigraphy indicates two normal magnetozones in the loess-paleosol sequence of the section, of which one is from the second loess layer within the third paleosol, and GPTS (Lourens et al., 2004) 0 S9-1 S9-2 S11 S12 S13 S14 L15 S15 S16 S22 S23 S25 S7 S19 Salt Lake borehole (SLB) Xiaxian (XX) GPTS Wangyukou (WYK) (Lourens et al., 2004) 
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the other is at the bottom of the loess-paleosol sequence within the first conglomerate layer. Consequently, compared with the Xiaxian section (Xiong et al., 2017) , N1 and N2 are considered as the Jaramillo and Olduvai subchrons, respectively. Between L9 and S24, the first layer of the Olduvai subchron in the Xiaxian section, 16 paleosol layers are identified (Xiong et al., 2017) , so five paleosol layers are missing at the same place of the WYK section (Fig. 8A) . Meanwhile, the Cobb Mountain subchron (C1r.2n) and Reunion subchron (C2r.1n) are not found in the magnetostratigraphy because of comparatively thin layers and short-term subchrons, which is very normal in North China Pan et al., 2012) . The magnetozones of N3-N5 correspond to C2An.1n-C2An.3n one by one. Based on these comparisons, this study deems that the WYK section is constrained to a span from the late Pliocene to early Pleistocene and that the Xiaxian Conglomerate is constrained to a span in the late Pliocene. The magnetostratigraphy is consistent with 1:200,000 Chinese geologic maps (Ministry of Geology and Mineral Resources) and analogous to the stratigraphy research (Wang et al., 1996) .
The Revised Formation Age of the TXPS
The Miocene-Pliocene aeolian red clays are widely distributed in the Ordos Block and Shanxi Graben System (Li et al., 1998; Hu et al., 2016) . The TXPS in northwestern ZTS is covered by a late Pliocene red clay sequence with varying thickness (Xiong et al., 2017) . These indicate that the red clays kept depositing during the Pliocene. However, it couldn't be preserved, and it was transported and accumulated in the piedmont and Yuncheng Basin due to pedimentation. The middle and lower part of the Xiaxian Conglomerate containing a large number of lump or granular red clays should be the correlative sediments of the pedimentation process (Figs. 4B-4D) . The red clays have been preserved but partly suffered subsequent river erosion and dissection since the pedimentation was terminated, which has led to the differences in sedimentary sequence overlying it (Xiong et al., 2017) .
The accumulation rate of the Xiaxian Conglomerate was abnormally high before 3.1 Ma but began to decrease dramatically at ca. 3.1 Ma (Fig. 9 ). Since 3.1 Ma, the Xiaxian Conglomerate had finer sediments than before and showed the clay emergence (Fig. 8A) . Moreover, the Yuncheng Basin had a high deposition rate at 3.6-3.1 Ma (Fig. 10) , although it's unclear whether tectonic activity or climate change was the cause. In any case, 3.1 Ma became an important demarcation point. Therefore, this article revises the final formation age of the TXPS to ca. 3.1 Ma. Prior to it, the pedimentation was in steady progress, and the amount of transported material was relatively stable for the Xiaxian Conglomerate and Yuncheng Basin. After this time, pedimentation was replaced by dissection, and the rivers were unable to erode and transport more sediments; thus, supplies decreased. At 2.6 Ma, the large-scale conglomerate and sandstone aggradation was replaced by secondary loess interbedded with a gravel layer (Fig. 4G) . Only the loess-paleosol sequence has deposited since ca. 1.9 Ma, indicating that streams kept trenching with no more gravels and sands depositing (Figs. 4H, 4I, and 8A) . The latter two stages can also be observed in the Xiaxian section (Xiong et al., 2017) .
DISCUSSION
Steady Activity of the North Zhongtiao Shan Fault-An Important Basis for Planation
The edge of the Xiaxian Platform with the TXPS and Xiaxian Conglomerate is more than 300 m above the basin (Figs. 3 and 4A) , and the north ZTS fault controls this. Through comparisons between magnetozone elevation of the WYK section and Salt Lake borehole section (Table 1) , this research found that the height difference of each magnetozone before 2.6 Ma is coincidently ~700 m. But this difference (Lourens et al., 2004) . † Thickness data are converted to elevations above sea level, and the magnetostratigraphy of the Salt Lake borehole section is from Wang et al. (2002) . decreases gradually in the magnetozones of the Pleistocene, because of the low rate of loess deposition due to increased slope gradients near the margin of the uplifted Xiaxian Platform, which was caused by fault F 2 activities (Figs. 3B and 3C) . The sedimentary facies change and deposition rate decrease suggest that fault F 2 has been active, while fault F 1 has been inactive since ca. 2.6 Ma, which led to the uplift of the Xiaxian Conglomerate and the TXPS with the overlying sediments to form the Xiaxian Platform.
During the planation process, the elevation of the TXPS was definitely similar or close to that of the basin accumulation surface as the base level, otherwise fluvial dissection would have led to planation termination. The stable conglomerate accumulation ended in the Xiaxian Conglomerate at ca. 2.6 Ma, when the conglomerate surface should have been close to the basin surface. The vertical rates of the north ZTS fault have been 0.25 mm/a since 3.1 Ma and 0.27 mm/a since 2.6 Ma, constrained by comparing the TXPS and Xiaxian Conglomerate surface with the corresponding accumulation surface of the Salt Lake borehole (Table 2) . Moreover, the deposition rate and sedimentary facies of the Yuncheng basin were also comparatively stable during the Pliocene and early Pleistocene (Fig.  10) . Additionally, during the Cenozoic the Ordos Block was stable (Bao et al., 2013; Hu et al., 2016) . Therefore, the vertical rate of the north ZTS fault has been steady, leading to the steady separation between the ZTS and Yuncheng Basin since the Pliocene. The base level, i.e., the Yuncheng Basin surface, was relatively steady.
Based on this analysis, the ZTS and Yuncheng Basin showed no signs of accelerated separation during the Pliocene-early Pleistocene, although accelerated activities existed in other areas. Stable tectonic activity, i.e., the long-term stable vertical rate of the north ZTS fault, is an important basis for planation (Coltorti et al., 2007; Wu, 2008) .
Drastic Climate Change Might Have Driven the Tangxian Planation Surface Formation
Climate change will affect the slope processes relative to the four distinct elements of a single hillside (King, 1953) . East Asia was stably warm-humid with small fluctuation monsoons from the late Miocene to early Pliocene (Fig. 11) , maintaining a high global sea level (Miller et al., 2005) . Wu (2008) considered that the planation epoch lasted 2-3 Ma. Therefore, the stably warm-humid climate was another important base for planation. Pediments are the most efficiently developed at semiarid areas due to efficient transport of waste from the free faces and debris slopes (King, 1953) . However, the TXPSs were widely developed in warm-humid North China (Fig. 2) , seemingly challenging the previous cognition. More rainfall brings increased discharge, and intense incisions occur with difficulty during pedimentation. So debris will be more efficiently transported across the pediment in a humid area than in arid/semiarid area, and stable slope retreat promotes pediment development. Erosion and deposition, both influenced by climate change and tectonic uplift, reach a dynamic balance.
The deposition rate of the Yuncheng Basin was slightly higher during 3.6-3.1 Ma (Fig. 10) , possibly caused by tectonic uplift. However, the great changes of the East Asian climate system since the late Pliocene (Fig. 11) might have ended the denudation in the planation surface development process and driven the beginning of accumulation overlying on the TXPS. When the climate was cold and dry, the weakened stream dynamics would lead to debris accumulation that could protect the free faces and debris slopes from being eroded. When the climate would turn warm and humid, increased discharge and vegetation would weaken slope erosion and reduce sediments to enhance stream power; consequently, the streams would have cut through the loose sediments accumulated during the cold period. During one or several climate cycles, due to the separation between the planation surface and basin surface as the base level, bedrocks would have been eroded and dissected. The absence of free faces and the protection of the debris slopes mean that the planation surface development by parallel retreat would have been hindered or aborted (Wood, 1942; King, 1953) . The switch from one erosive state to another may make erosion more rapid than if one is left to do all of the erosive work . In the background of moderate tectonic activities, fluvial dissection caused by climate change or eustasy is capable of resulting in the separation between the base level and planation surface. This is a possible mechanism for the planation surface disintegration, similar to climate change influencing terrace formation (Starkel, 2003; Stinchcomb et al., 2012) . Previous studies have indicated that the TXPS in North China was formed in the late Pliocene ( Fig. 11G ; Deng et al., 2008; Liu et al., 2016; Pan et al., 2012) . Therefore, compared with moderate tectonic uplift, climate with frequent, high-amplitude variations and rapidly declining sea level is more likely to have been the main driver of the final formation and disintegration of the TXPS.
When pedimentation was terminated, the TXPS became the Xiaxian Platform due to tectonic uplift. Aeolian deposits can be preserved on the TXPS, but fluvial processes might erode some deposits (Xiong, et, al., 2017) . The Xiaxian Platform rose to a certain height at ca. 1.9 Ma; accordingly, the retrogressive erosion and incising of gullies caused the conglomerate accumulation to be replaced by the complete aeolian loess-paleosol sequence (Figs. 8A and 8C). In the late Pliocene, drastic climate change triggered the planation end and initial covering. Then, dissection of the surface and its burial by conglomerates and aeolian deposits were jointly influenced by tectonic uplift and climate change.
No fast uplift events younger than 8 Ma have been found in the Ordos Block and around the Shanxi Graben System (Chen et al., 2012; Liu et al., 2013; Cao et al., 2015) . The Ordos Block was stable during the late Miocene to early Pliocene; the rapid downward cutting of fluvial systems indicates enhanced tectonic uplift since 1.2 Ma (Pan et al., 2012; Bao et al., 2013; . The present global positioning system velocity field in North China is at a lower level (Wang et al., 2001) . Although the activity history of each fault is unknown, it seems that this area was stable in the late Miocene to early Pliocene, and it is the most important condition of the planation surface development (Dohrenwend, 1994) . Furthermore, the TXPSs are widely distributed in almost all of the mountains in North China (Figs. 1B and 2) . Therefore, the unified formation age of the TXPSs (Wu, 2008) , and the example of the ZTS, encourage us to consider that drastic climate change may have been the Note: SLB-Salt Lake borehole. *Thickness data are converted to elevations above sea level, and the magnetostratigraphy of the Salt Lake borehole section is from Wang et al. (2002) . † The bedrock surface on the edge of the Xiaxian Platform represents the Tangxian planation surface (Xiong et al., 2017) . 
CONCLUSIONS
The WYK section in the northwest ZTS of the Shanxi Graben System in North China, related to the TXPS development, was studied. A high-resolution magnetostratigraphy constrained the deposition era of the section to a span from the late Pliocene to early Pleistocene. Based on the deposition rate, sedimentary facies changes, and sediment characteristics of the WYK section and Salt Lake borehole section in the Yuncheng Basin, the final formation age of the TXPS has been revised to be 3.1 Ma. The vertical rates of the north ZTS fault have been 0.25 mm/a since 3.1 Ma and 0.27 mm/a since 2.6 Ma, constrained by comparing the TXPS and Xiaxian Conglomerate surface with the corresponding accumulation surface of the Salt Lake borehole, which indicate stable tectonic activities. The climate in North China was stably warm-humid from the late Miocene to early Pliocene. They are both important bases for pediment development. However, abrupt climatic changes during the late Pliocene might have been the main driving force of the final formation of the TXPS.
ACKNOWLEDGMENTS
Rock magnetic investigations and demagnetization were made in the Paleomagnetism and Geochronology Laboratory, Institute of Geology and Geophysics, Chinese Academy of Sciences. This research was jointly financed by the National Natural Science Foundation of China (Grants 41271019, 41590861, 41702219, and 41661134011), the China Postdoctoral Science Foundation (Grant 2017M622854), the Minle-Damaying Active Fault special scientific research of earthquake industry in China (Grant 201408023), and the Guangdong Province Introduced Innovative R&D Team of Geological Processes and Natural Disasters around the South China Sea (2016ZT06N331). Professors Michael Oskin, Yang Jingchun, Wu Chen, Li Dewen, Xia Zhengkai, Mo Duowen, Liu Gengnian, Zhang Jiafu, Zhang Shimin, and He Honglin and Dr. Li Shihu, Katherine Schide, and Erica Danielle Erlanger are highly appreciated for their very constructive comments on this manuscript. Mr. Xue Jisuo and Mr. Hou Wenqiang are thanked for their field assistance. Professor Johan Bonow, three anonymous reviewers, and the editor, Professor Kurt Stuewe, are especially thanked for their careful reading, constructive comments, and language improvements.
